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SPECIFICATION 



1. Title of the Invention 

BIOSENSOR AND A PROCESS FOR PREPARATION THEREOF 

2, Scope of Claim for a Patent 

(1) A biosensor for determining a substrate 
concentration in a sample solution comprising a base 
plate having an electrode system comprising at least an 
electrode for measurement and a counter electrode, an 
enzyme layer composed of an oxidoreductase and a 
hydrophilic high molecular substance being provided on 
the surface of said electrode system having fromed 
thereon an electron acceptor layer, and a change in 
concentration of a substance in the reaction among said 
enzyme, said electron acceptor and said sample solution 
being electrochemically detected with said electrode 
system to determine a substrate concentration in said 
sample solution. 

(2) A biosensor for determining a substrate 
concentration in a sample solution comprising a base 
plate having an electrode system comprising at least an 
electrode for measurement and a counter electrode, an 
enzyme layer composed of an oxidoreductase and a 
hydrophilic high molecular substance being provided on 
the surface of said electrode system having fromed 
thereon an electron acceptor layer containing a surface 
active agent, and a change in concentration of a 
substance in the reaction among said enzyme, said 

- 1 - 



electron acceptor and said sample solution being 
electrochemically detected with said electrode system to 
determine a substrate concentration in said sample 
solution, 

(3) A biosensor as claimed in claim 1 or 2, 
wherein said electrode system is prepared from a material 
mainly composed of carbon formed on an insulating base 
plate by means of screen printing . 

(4) A biosensor as claimed in claim 1 or 2, 
wherein said hydrophilic high molecular substance is at 
least one substance selected from starch type, 
carboxymethyl cellulose type, gelatin, acrylate type, 
vinyl alcohol type, vinylpyrrolidone type and maleic acid 
anhydride type or a mixture of two or more thereof. 

(5) A biosensor as claimed in claim 1 or 2, 
wherein said electron acceptor layer comprises fine 
particles of an electron acceptor having a particle size 
of not greater than 100 ym. 

(6) A process for preparing a biosensor which 
comprises forming an electrode system on an insulating 
base plate, coating a hydrophilic high molecular 
substance and an oxidoreductase on said electrode and 
then drying to form an enzyme layer, spreading a mixture 
of an electron acceptor and an organic solvent onto said 
enzyme layer, and removing said organic solvent to form 
an electron acceptor layer. 

(7) A process for preparing a biosensor which 
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comprises forming an electrode system on an insulating 
base plate, coating a hydrophilic high molecular 
substance and an oxidoreductase on said electrode and 
then drying to form an enzyme layer, next spreading a 
mixture of an electron acceptor, a surface active agent 
and an organic solvent onto said enzyme layer, and 
removing said organic solvent to form an electron 
acceptor, an electron acceptor layer. 
3, Detailed Explanation of the Invention 
Field of the Invention 

The present invention relates to biosensors 
which can quantitatively determine a specific component 
in a trace amount of various sample solutions from the 
living body in a rapid and easy way with high accuracy 
and a process for preparation thereof. 
Prior Art 

As a system for readily performing quantitative 
determination of a specific component in a sample 
solution such as blood or the like from living bodies 
without requiring dilution, stirring, etc. of the sample 
solution, a biosensor described in Japanese Patent 
Application Laid-Open No. 61-294351 has been heretofore 
proposed (Fig. 4). In this biosensor, the electrode 
systems 2, 3 and 4 composed of carbon, etc. are formed on 
an insulating base plate 1 by means of screen printing, 
etc . ; the electrode systems are covered with a porous 
material 9 having carried thereon an oxidoreductase and 

- 3 - 



an electron acceptor and the whole is integrated with a 
holding frame 8 and a cover 10. When a sample solution 
is dropped onto the porous material, the oxidoreductase 
and the electron acceptor are dissolved in the sample 
solution, whereby an enzyme reaction proceeds with a 
substrate in the sample solution and the electron 
acceptor is reduced- After completion of the reaction, a 
substrate concentration in the sample is determined from 
a current level for the oxidation obtained in this case. 
Problem to be solved by the Invention 

In the foregoing conventional construction, the 
base surface including the electrode system is not always 
uniformly wetted so that air bubbles remain between the 
porous material and the base plate, whereby a response 
current is affected or its reaction rate is reduced in 
some occasion. Further when a substance that is readily 
adsorbed to electrodes is present in a sample solution, 
response of the sensor is reduced by such a substance. 
Means for solving the Problem 

In order to solve the foregoing problem, 
according to the present invention, an electrode system 
comprised of at least an electrode for measurement and a 
counter electrode is provided on an insulating base 
plate, wherein a change of a substance in concentration 
caused by the reaction among an enzyme, an electron 
acceptor and a sample solution is electrochemically 
detected by the electrode system thereby to determine a 
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substrate concentration in the sample solution? in such a 
biosensor/ an enzyme layer comprised of an oxidoreductase 
and a hydrophilic hig molecular substance is formed on 
the surface of the electrode system and an electron 
acceptor layer is provided thereon. 
Function 

According to the present invention, a 
disposable type biosensor including the electrode system 
can be constructed so that a substrate concentration can 
be determined in an extremely simple way, merely by 
adding a sample solution. In addition, by forming the 
enzyme layer and the electron acceptor layer directly on 
the surface of the electrode system, independent two 
layers are readily formed in close contact with each 
other. Thus, miniaturization becomes possible and the 
reaction can rapidly proceed. Furthermore, the 
hydrophilic high molecular substance in the enzyme layer 
can prevent solid components or protein in a sample 
solution from being adsorbed onto the surface of 
electrode to improve wettability on the surface of 
electrode, whereby measurement with good accuracy can be 
made . 

Furthermore , by using the organic solvent for 
preparing the electron acceptor layer, a thin layer can 
be rapidly provided and further by adding the surface 
active agent, the electron acceptor can be efficiently 
dispersed in the organic solvent to make the preparation 



easy, resulting in formation of a stronger layer. 
Examples 

Hereafter the present invention is described by 
referring to one embodiment. 
(Example 1) 

As one embodiment of the biosensor, a glucose 
sensor is explained. Fig. 1 shows one embodiment of the 
glucose sensor and is a perspective view of a 
disassembled glucose sensor. Conductive silver paste is 
printed on an insulating base plate 1 composed of 
polyethylene terephthalate by means of screen printing. 
By drying with heating, the electrode system comprised of 
a counter electrode 2, an electrode for measurement 3 and 
a reference electrode 4 is formed. Next, insulating 
paste is printed in a manner similar to the above so as 

to partly cover the electrode system to leave the areas 

2 

2', 3' and 4' (1mm each) which electrochemically react 
with the respective electrodes. By a heat treatment, an 
insulating layer 5 is formed. An aqueous solution of CMC 
( carboxymethyl cellulose) as one of the cellulosic 
hydrophilic high molecular substance is coated onto the 
electrodes to cover the surface of the electrode system 
(2", 3', 4 f ) followed by drying at 45 °C for 30 minutes. 
A solution of glucose oxidase (GOD) as the oxidoreductase 
in phosphate buffer solution showing pH of 6.5 is coated 
thereon and dried at room temperature to form a CMC-GOD 
layer 6. By this operation, the CMC layer is partly 
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dissolved, whereby the CMC-GOD layer is formed in such a 
state wherein CMC is partly mixed with GOD, A mixture of 
microcrystals of potassium ferricyanide as an electron 
acceptor and toluene as an organic solvent was dropped 
thereon. By allowing to stand at room temperature, 
toluene was evaporated off to form the potassium 
ferricyanide layer. Even if an aqueous solution of 
potassium ferricyanide is dropped onto the GOD-CMC layer 
and dried, the potassium ferricyanide layer is formed. 
However, it is impossible to dry at high temperatures 
because GOD is coated so that it takes long time for the 
drying and crystals of potassium ferricyanide become 
large. Therefore, the reaction rate becomes slow. 

With respect to the particle diameter of 
microcrystalline potassium ferricyanide used above, 
commercially available crystals of potassium ferricyanide 
were ground into powders and crystals of a definite 
particle diameter were collected by sieving to form a 
potassium ferricyanide layer. With respect to the 
sensors prepared from crystals of various particle 
diameters, their responses were compared with each other. 
Fig. 3 shows a mesh size of sieve on the abscissa and on 
the ordinate, a time for completing the reaction to 400 
mg/dl of glucose. Numerals with parentheses indicate a 
size (pm) of the mesh hole. As shown in Fig. 3, crystals 
having a smaller particle size were dissolved more 
quickly and the time required for completing the reaction 
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was shorter. In the sensor prepared with potassium 
ferricyanide (particle size of 100 pm or less) passed 
through 145 mesh (Japanese Industrial Standard) , the 
reaction was completed within 2 minutes. In addition, 
when the potassium ferricyanide layer was prepared, 
crystals having a smaller particle diameter could form a 
uniform layer and provided less unevenness in response. 
Microcrystals of potassium ferricyanide could be formed 
by grinding into powders but recrystallization of an 
aqueous potassium ferricyanide solution from ethanol 
could easily prepare crystals having a particle diameter 
of not greater than 10 ym. When the potassium 
ferricyanide layer was formed from such crystals, the 
layer became dense and the time for completing the 
reaction could be shortened up to one minute and 30 
seconds. 

When potassium ferricyanide finely divided into 
a particle diameter of less than 100 \im was mixed with 
toluene and the mixture was dropped, toluene was rapidly 
evaporated and the potassium ferricyanide layer could be 
formed in a microcrystalline state so that a dissolution 
rate was rapid and rapid measurement was attained. 
Although potassium' ferricyanide and GOD in a solution 
state were reacted with each other to render preservation 
property poor, the potassium ferricyanide layer could be 
formed by using the organic solvent, whereby the 
potassium ferricyanide layer was formed without 
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dissolution of GOD and the reaction with GOD could be 
prevented. A glucose standard solution, 10 ul, was 
dropped as a sample solution onto the glucose sensor 
constructed as described above. By applying a pulse 
voltage of +0.6 V to the electrode for measurement in the 
anode direction 2 minutes after, a response current was 
measured 5 seconds after. Potassium ferricyanide was 
dissolved in the glucose standarad solution and glucose 
was oxidized when it reached the CMC-GOD layer. In this 
case, potassium ferricyanide is reduced to potassium 
ferrocyanide. By applying the aforesaid pulse voltage, 
oxidation current in response to the concentration of the 
formed potassium ferrocyanide is obtained and this 
current level corresponds to the concentration of glucose 
which is a substrate. A good linear relationship was 
obtained up to the concentration as high as 500 mg/dl. 

Onto the glucose sensor described above, 10 Ml 
of blood sample was dropped and a response current was 
measured 2 minutes after. A response with very good 
reproducibility was obtained. When pulp having carried 
thereon potassium ferricyanide was put on the CMC-GOD 
layer, a response current decreased and a time period of 
5 minutes or longer was required for completing the 
reaction. This is believed to be because blood cells or 
the like would contaminate to prevent the reaction before 
potassium ferricyanide was dissolved in the sample 
solution and reached the CMC-GOD layer. However, by 
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forming the potassium ferricyanide layer directly on the 
CMC-GOD layer, the reaction started immediately after the 
sample solution reached there and completed in 2 minutes. 
By the presence of the CMC layer, the CMC layer was 
swollen when the sample solution was dropped thereon so 
that a current ran smoothly. When GOD was coated 
directly on the surface of electrode, GOD was adsorbed 
onto the electrode surface to reduce its response. 
However, by previously providing the CMC layer, 
adsorption of GOD could also be prevented. The GOD-CMC 
layer and the potassium ferricyanide layer could be 
prepared simply by coating them on the electrode but 
materials to be carried, filtering membranes, etc. are 
not required. Such is thus considered to be extremely 
advantageous in mass production of sensors. 
(Example 2) 

The CMC-GOD layer was formed as in Example 1. 
In the case of forming a potassium ferricyanide layer, 
lecithin (phosphatidyl choline) as a surface active agent 
was dissolved in toluene to prepare 1 wt% solution and 
microcrystals of potassium ferricyanide was mixed with 
the solution. Using the mixture, a layer of potassium 
ferricyanide and lecithin was formed. Where no lecithin 
is present, there were noted defects that the potassium 
ferricyanide layer was non-unif ormly formed or the base 
plate was peeled off when the base plate was bent. 
However, by incorporating lecithin, the potassium 
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ferricyanide layer which was uniform and peeled off only 
with difficulty could readily be formed. As the 
concentration of lecithin increased, the potassium 
ferricyanide layer was peeled off more difficultly but a 
dissolution rate of potassium ferricyanide also 
decreased. Therefore, a suitable concentration is 
believed to be 0.01 to 3 wt%. A glucose standard 
solution was dropped onto the sensor described above and 
its response was measured in a manner similar to Example 
1 . Linearity was obtained up to the glucose 
concentration of 500 mg/dl. Furthermore, when blood was 
dropped thereon, blood was spread onto the lecithin layer 
more quickly and the reaction began there. Therefore, 
response having good reproducibility could be obtained 
even with a sample in an amount as trace as 6 ill. 
Polyethylene glycol alkyl phenyl ether (trademark: Triton 
X) was used instead of lecithin. In order to disperse 
fine particles of potassium ferricyanide in toluene, more 
than 0,1% was necessary but a good potassium ferricyanide 
layer could be formed as in the case of using lecithin. 
As the surface active agent, there are oleic acid, 
polyoxyethylene glycerine fatty acid ester, cyclodextrin, 
etc., in addition to the example described above. 
Surface active agents are not particularly limited so 
long as they can disperse the electron acceptor in an 
organic solvent and do not affect the enzyme activity. 

As the hydrophilic high molecular substance, 
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gelatin, methyl cellulose and the like can be used f in 
addition to CMC, and hydrophilic high molecular 
substances of starch type, carboxymethyl cellulose type, 
gelatin type, aery late type, vinyl alcohol type, 
vinylpyrrolidone type and maleic anhydride type are 
preferred. These hydrophilic high molecular substances 
can be readily rendered aqueous solutions. Therefore, by 
applying the aqueous solution in a suitable concentration 
and drying, a thin layer having a necessary layer 
thickness can be formed on the electrode. 

As the organic solvent for mixing the electron 
acceptor therewith, solvents such as toluene, petroleum 
ether, etc. may be used as long as they have a minimized 
influence on GOD activity and the printed electrodes. 

Screen printing for forming the electrode 
system is advantageous since a disposable type biosensor 
having uniform properties can be manufactured at low 
costs, especially in forming the electrodue using carbon 
which is inexpensive and stable electrode material. In 
the foregoing examples, the electrode system of three 
electrodes has been stated. However, measurement can 
also be made with two electrode systems composed of a 
counter electrode and an electrode for measurement. 

Furthermore, the biosensor of the present 
invention is not limited to the glucose sensor shown in 
the foregoing examples but can also be used in the system 
in which an oxidoreductase takes part, such as an alcohol 
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sensor, a cholesterol sensor, etc. As the 
oxidoreductase, glucose oxidase is used in the examples 
but other enzymes such as alcohol oxidase, cholesterol 
oxidase, etc. can also be used. Further as the electron 
acceptor, potassium ferricyanide used in the examples 
described above is preferred since it stably reacts. The 
use of p-benzoquinone is suited for more rapid reaction 
since its reaction rate is large. In addition, 
2 , 6-dichlorophenol indophenol, methylene blue, phenazine 
methosulf ate, fl-naphthoquinone, potassium 4-sulfate, 
ferrocene, etc. can also be used. 
Effects of the Invention 

As stated above, the biosensor of the present 
invention can determine a substrate concentration in a 
vital sample solution in an extremely easy way by 
pringing the electrode system on an insulating base plate 
and forming the enzyme layer composed of the 
oxidoreductase and the hydrophilic high molecular 
substance and the electron acceptor layer thereon. The 
hydrophilic high molecular substance can prevent 
interferants such as protein in the sample solution from 
being adhered to the electrode surface to improve 
accuracy in measurement. In addition, the process of the 
present invention enables to perform rapid reaction and 
quick measurement since the oxidoreductase and the 
electron acceptor can be independently carried in close 
contact. Furthermore, by adding the surface active agent 
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in forming the electron acceptor layer , a trace amount of 
the electron acceptor layer can be uniformly carried on a 
thin layer which is peeled off only with difficulty. 
Thus, the process is greatly advantageous for 
preservation property and mass production. 
4 . Brief Explanation of Drawings 

Fig. 1 shows a perspective view of a glucose 
sensor which is one embodiment of the present invention. 
Fig. 2 shows a cress-sectional view of the biosensor. 
Fig. 3 shows a response characteristic of the biosensor. 
Fig. 4 shows a perspective view of a conventional 
biosensor. 



1 base plate 

2 counter electrode 

3 electrode for measurement 

4 reference electrode 

5 insulating layer 

6 CMC-GOD layer 

7 potassium ferricyanide layer 

8 holding frame 

9 porous material 

10 cover 
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Fig. 1 
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